The present study demonstrates the expression of adrenomedullin (ADM) in the reproductive system of the female rat and its effect on the secretion of estradiol and progesterone. Ovarian ADM and Adm mRNA levels were decreased at estrus, whereas oviductal Adm mRNA levels were low at proestrus. Both tissues were shown to coexpress mRNAs encoding the calcitonin receptor-like receptor and receptor activity-modifying protein 1 (Ramp1), Ramp2, and Ramp3. Gel filtration chromatography of ovarian extracts showed two peaks, with the predominant one eluting at the position of authentic rat ADM (1-50) at estrus and at the position of ADM precursor at diestrus. Positive ADM immunostaining was localized in the granulosa and theca cells of the follicle and corpora lutea of the ovary. Adrenomedullin inhibited FSH-induced estradiol secretion in 2-day-old follicles and also suppressed eCG-stimulated progesterone release in corpora lutea. The inhibitory effect of ADM on the follicles and the corpora lutea was abolished by calcitonin gene-related peptide (8-37) and ADM (22-52), respectively. The presence of ADM and the gene expression of ADM and its receptor components in the female reproductive system suggest a paracrine effect of ADM on ovarian steroidogenesis.
INTRODUCTION
Adrenomedullin (ADM), originally isolated from human pheochromocytoma, is a pluripotent peptide characterized by its vasorelaxant activity [1] . Human and rat ADM consist of 52 and 50 amino acids, respectively [2, 3] . It is a member of the calcitonin family of peptides with sequence homology to calcitonin gene-related peptide (CALCA) [4] . Adrenomedullin can bind to the CALCA receptor in several types of tissues [5, 6] , but specific ADM receptors that are insensitive to CALCA receptor antagonist CALCA (8-37) have been identified [7] . McLatchie et al. [8] demonstrated that the calcitonin receptorlike receptor (CALCRL) responsible for the majority of ADM and CALCA binding and ligand specificity depends on the type of receptor activity-modifying protein (RAMP) that is expressed [8] ; namely, RAMP1, RAMP2, and RAMP3. The coupling of CALCRL with RAMP1, RAMP2, and RAMP3 gives rise to a CALCA, ADM1, and ADM2 receptors, respectively. The ADM2 receptor binds with both ADM and CALCA [9, 10] . The functional receptors also require an intracellular protein, receptor coupling protein (CRCP), for signal transduction [10] .
Immunoreactive ADM and Adm mRNA were widely distributed in various tissues both in the human [2, 11] and the rat [3, [12] [13] [14] [15] . Gene expression and/or peptide of Adm have also been identified in reproductive organs, such as the ovary [15, 16] , the uterus [15, 17] , the testis [14, 18] , the prostate [19, 20] , and the epididymis [21] . Plasma ADM levels fluctuate with the cyclic changes in LH and 17b-estradiol during the menstrual cycle [22] . Adrenomedullin has been found in the human granulosa cells and acts as a local factor to enhance progesterone production [23] . Adrenomedullin reversibly inhibits spontaneous periodic contraction of the uterus [24] , in which specific ADM binding sites were reported [17] . These findings suggest that ADM may play a role in regulating the functions of the female reproductive system. However, there were no reports of the gene expression of ADM receptor components in the ovary and oviduct. Heterozygous ADM knockout mice have been shown to have decreased fertility and a smaller litter size [25] . Yet, apart from some literature on the importance of ADM during pregnancy [26, 27] , the roles of ADM are largely unknown. We therefore studied ADM level and the gene expression of Adm, Calcrl, Ramp1, Ramp2, and Ramp3 in the ovary and the oviduct of the cycling rat and characterized the ovarian-specific binding site for 125 I-ADM by Scatchard plot analysis. To establish a physiological role of ADM in the ovary, the effects of ADM on estradiol and progesterone secretion in vitro were investigated.
MATERIALS AND METHODS

Animals
Female Sprague-Dawley rats (12-13 wk) were obtained from the Laboratory Animal Unit, Faculty of Medicine, University of Hong Kong. Vaginal smears were obtained daily, and only those that showed a regular 4-day estrous cycle were included in this study. All rats were killed between 1000 and 1200 h. All procedures had been approved by the Committee on the Use of Live Animals for Teaching and Research, the University of Hong Kong, and were carried out in accordance with the Guide for the Care and Use of Laboratory Animals (National Academy of Science).
RT-PCR of Adm, Calcrl, Ramp, and Crcp Total RNA of ovary or oviduct was prepared using TRIZOL reagent [18, 21] and subjected to real-time RT-PCR. RNA samples (5 lg) were reverse transcribed into cDNA with the SuperScript II reverse transcriptase according to the manufacturer's instructions (Life Technologies, Carlsbad, CA). Polymerase chain reactions were conducted by iCycler iQ real-time PCR detection system using iQ SYBR Green Supermix (Bio-Rad Laboratories, Hercules, CA). Standard curves for each primer pair were prepared using serial dilutions of cDNA to determine the PCR efficiency. The PCR efficiencies for Adm, Calcrl, Ramp1, Ramp2, Ramp3, and Actb were all above 0.95 and similar. The relative gene expression levels were analyzed using the DDC T method, where C T is cycle threshold. The reaction mixtures contained 25 ll iQ SYBR Green Supermix (Bio-Rad Laboratories), 500 nM of each primer, 1 ll template cDNA, and DNase-free water to a final volume of 50 ll. Cycle conditions were 958C for 10 min, followed by 40 cycles of 958C for 45 sec, 598C for 30 sec, and 728C for 45 sec. The reaction was completed with a dissociation step for melting point analysis with 508C to 958C (in increments of 0.58C) for 10 sec each. The primers were designed on the basis of the published sequence of Adm (caggacaagcagagcacgtc, forward; tctggcggtagcgtttgac, reverse); Calcrl (ccaaacagacttgggagtcactagg, forward; gctgtcttctctttctcatgcgtgc, reverse); Ramp1 (cactcactgcaccaaactcgtg, forward; cagtcatgagcagtgtgaccgtaa, reverse); Ramp2 (aggtattacagcaacctgcggt, forward; acatcctctgggggatcggaga, reverse); Ramp3 (acctgtcggagttcatcgtg, forward; acttcatccggggggtcttc, reverse) and Actb (ggaaatcgtgcgtgacatta, forward; aggaaggaaggctggaagag, reverse). Melt curve analysis for each primer set revealed only one peak for each product. The size of the PCR products was confirmed by comparing the size of product with a commercial ladder after agarose gel electrophoresis.
Extraction of ADM from Plasma
A volume of 2 ml plasma was acidified with an equal volume of 1% trifluoroacetic acid (TFA) and centrifuged at 18 600 3 g for 20 min at 48C (Sorvall SM 24; Thermo Fisher Scientific Inc., Waltham, MA) [12] . The diluted plasma samples were loaded onto pre-equilibrated C-18 Sep-columns (Waters Corp., Milford, MA), which were then washed twice with 3 ml of 1% TFA. The peptide was eluted with 60% high-performance liquid chromatography-grade acetonitrile in 1% TFA, dried in a speed-vacuum concentrator (Savant, Farmingdale, NY), redissolved in 0.5 ml radioimmunoassay (RIA) buffer (0.1% sodium phosphate [pH 7.4], 0.1% heat-inactivated BSA, 0.05 M sodium chloride, 0.01% sodium azide, and 0.1% Triton X-100), and further purified with a nanospin column (molecular mass cutoff point is 10 kDa; Millipore) [13] .
Extraction of ADM from the Ovary and the Oviduct
Whole ovary or oviduct was homogenized in 2 N acetic acid for ADM immunoreactivity, followed by boiling for 10 min. A 50-ll aliquot was taken for protein assay, and the remaining homogenates were centrifuged at 18 600 3 g for 20 min at 48C. The supernatants were lyophilized and stored at À208C until assay.
Radioimmunoassay
The lyophilized tissue sample was reconstituted in RIA buffer for the determination of immunoreactive ADM concentration [12] . Rat ADM and ADM antiserum were purchased from Peninsula (Belmont, CA). The 125 Ilabeled ADM was from Phoenix (Belmont, CA). The sensitivity for the assay was 5 pg/tube. The intraassay and interassay coefficients of variation were 7% and 10%, respectively.
FIG. 1. Expression of Adm and
Calcrl (A) and Ramp1, Ramp2, and Ramp3 (B) in the ovary across the estrous cycle. The mRNA levels were normalized to Actb mRNAs, and each value represents the means 6 SEM (n ¼ 6-13 for proestrus, n ¼ 6-12 for estrus, n ¼ 3-8 for metestrus, n ¼ 3-7 for diestrus). *P , 0.05 compared with the respective diestrus stage as calculated by t-test. **P , 0.01 compared with the respective diestrus stage as calculated by Mann-Whitney rank sum test.
FIG. 2. Expression of Adm and
Calcrl (A) and Ramp1, Ramp2, and Ramp3 (B) in the oviduct across the estrous cycle. The mRNA levels were normalized to Actb mRNAs, and each value represents the mean 6 SEM (n ¼ 8-11 for proestrus, n ¼ 10-12 for estrus, n ¼ 7-8 for metestrus, n ¼ 5-6 for diestrus). *P , 0.05 compared with the respective proestrus stage as calculated by t-test.
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Protein Measurement
Fifty-microliter aliquots of tissue homogenate or standard (BSA) were boiled with 1 N NaOH for 10 min, and 50 ll of the boiled sample was mixed with 2.5 ml protein assay reagent (Bio-Rad Laboratories). After 10 min of incubation at room temperature, the samples were measured spectrophotometrically at 595 nm (LKB Ultraspec II; Biochrom). The immunoreactive ADM was expressed as femtomoles per milligram of protein.
Gel Filtration Chromatography
The lyophilized sample of the ovary was reconstituted in distilled water, and the supernatant obtained after centrifugation at 18 600 3 g for 20 min at 48C was acidified with 96% glacial acetic acid to give a final concentration of 1 N acetic acid. The sample was chromatographed on a Biogel P30 (Bio-Rad Laboratories) column (0.9 3 60 cm), which was eluted with 1 N acetic acid at a flow rate of 1 ml per 10 min for 400 min [18, 21] . These 1-ml fractions were assayed for ADM immunoreactivities. The column was calibrated with authentic ADM, with blue dextran for void-volume determination, and with the proteins from the gel filtration kit, carbonic anhydrase, cytochrome c, and vitamin B 12 as molecular weight markers.
Immunocytochemistry
To localize ADM in the ovary, avidin-biotin histochemical staining procedure using a Vextastain ABC kit (Vector Laboratories, Burlingame, CA) was employed [18] . Ovary was collected and fixed in formalin overnight. The tissue sample was embedded in paraffin, and 10-lm sections were cut on a microtome. The sections were treated for 60 min with 10% methanol and 3% hydrogen peroxide, and then were incubated with the primary antibody (1:2000) for ADM at 48C overnight. The avidin-biotin-peroxidase complex in the sections was visualized with diaminobenzidine for 5-10 min.
Receptor-Binding Assays
Membranes were prepared by differential centrifugation [28] , and receptor binding was performed as described previously [18, 21] . Whole ovary was homogenized in ice-cold 50 mM Hepes (pH 7.6) comprising 0.25 M sucrose, 10 lg/ml pepstatin, 0.25 lg/ml each of leupeptin and antipain, 0.1 mg/ml each of benzamidine and bacitracin, and 30 lg/ml aprotinin. The homogenates were centrifuged at 1500 3 g for 20 min at 48C, and the supernatants were centrifuged at 100 000 3 g for 1 h at 48C. The pellets were resuspended in 10 volumes of the above-mentioned buffer without sucrose and were centrifuged at 100 000 3 g for 1 h at 48C. The final pellets were resuspended, aliquoted, and I-labeled ADM (10-300 pM) in 0.3 ml binding buffer (20 mM Hepes [pH 7.4], 5 mM MgCl 2 , 10 mM NaCl, 4 mM KCl, 1 mM EDTA, 1 lM phosphoramindon, 0.25 mg/ml of bacitracin, and 0.3% BSA). After incubation, membranes were filtered through a Brandel cell harvester (Biomedical Research and Development Laboratories, Gaithersburg, MD) using GF/B filter paper (Whatman, Clifton, NJ) that had been soaked overnight in 0.3% polyethylenimine and washed three times with 3 ml ice-cold 50 mM Tris-HCl (pH 7.4). Radioactivity retained by the filters was counted by a gamma counter (Cobra II; Packard, Shelton, CT) at 75% efficiency. Specific binding was defined as total binding minus nonspecific binding, which was determined in the presence of 500 nM unlabeled rat ADM. The ratio of specifically bound to free radioligand concentration was plotted against specific binding (Scatchard plot), in which the K d and B max values were obtained.
Isolation of Follicles and Incubation Procedure
Immature rats of 26 days of age were injected intraperitoneally with 30 IU eCG (Sigma, St. Louis, MO). The ovaries were excised 24 or 48 h later under an overdose of pentobarbital and transferred to ice-chilled DMEM-F12 medium (1:1; Life Technologies) containing 100 IU/ml penicillin G and 50 lg/ ACTION OF ADRENOMEDULLIN ON STEROID RELEASE 203 ml streptomycin sulfate (Gibco-BRL). One-day-old follicles from 24-h posteCG treatment or 2-day-old follicles from 48-h post-eCG treatment were isolated under a stereomicroscope. The follicles (six to eight per well in a 24-well tissue culture plate) were incubated in 0.5 ml of the above medium at 378C under an atmosphere of 5% CO 2 . After preincubation, the media of all wells were replaced, and ADM (22-52) was added to the wells for treatment [5] . Incubation was continued for another 30 min before the drugs for the various treatment groups were added. After 3 h of incubation, the media were centrifuged at 600 3 g for 10 min. The supernatant was collected and stored at À208C until it was analyzed for estradiol by enzyme immunoassay (EIA). Total proteins were determined by protein assay as described above. As it was subsequently found that the ADM receptor blocker, ADM (22-52), failed to block the ADM effect in the 2-day-old follicles, this study was repeated using CALCA (8-37) (Phoenix), the CALCA receptor antagonist, at 10 À6 M.
Isolation of Corpora Lutea and Incubation Procedure
To obtain a well-defined generation of corpora lutea, immature rats aged 26 days were injected intraperitoneally with 30 IU eCG. Two days later, the rats were injected intraperitoneally with 20 IU eCG (Sigma) to induce ovulation. Pentobarbital was administrated intraperitoneally (0.1 ml/100 g) 24 h later, and the ovaries were then excised and transferred to ice-chilled DMEM-F12 medium containing 100 IU/ml penicillin G and 100 lg/ml streptomycin sulfate. Corpora lutea were isolated under a stereomicroscope. The corpora lutea (five per well in a 24-well tissue culture plate) were incubated in 0.5 ml of the above medium at 378C under an atmosphere of 5% CO 2 /95% O 2 for 2 h. There were a total of five treatment groups: 1) control (medium only); 2) eCG (0.5 IU/ml); 3) ADM (10 À8 or 10 À7 M); 4) eCG (0.5 IU/ml) plus ADM (10 À8 or 10 À7 M); and 5) eCG (0.5 IU/ml) plus ADM (10 À8 or 10 À7 M) with 10 À6 M ADM (22-52). After preincubation, the media of all wells were replaced and ADM (22-52) were added to the wells for treatment [5] . Incubation was continued for another 30 min before the drugs for the various treatment groups were added. At the end of 3 more hours, the media were centrifuged at 600 3 g for 10 min. The supernatants were collected and stored at À208C until analysis for progesterone by EIA. Total proteins were determined by protein assay as described above.
Estradiol and Progesterone Determination
Serum estradiol and progesterone levels were measured with an estradiol RIA kit (DiaSorin, Saluggia, Italy) and a progesterone RIA kit (Diagnostic Systems Laboratories Inc., Webster, TX). The sensitivities for the assays were 2 pg/ml and 0.1 ng/ml, respectively. The intraassay variations were 3.8% and 5.1%, respectively. All samples for a given experiment were measured in the same assay. Estradiol and progesterone concentrations in the culture media were measured with an estradiol immunoassay kit (MP Biomedicals, Orangeburg, NY) and a progesterone immunoassay kit (Pantex, Bio-Analysis Inc., Santa Monica, CA), respectively. The sensitivities for the assays were 10 pg/ml and 0.04 ng/ml, respectively. The intraassay variations were 10.9% and 5.7%, respectively, and the interassay variations were 12.5% and 7.5%, respectively. 
Statistical Analysis
All data are expressed as mean 6 SEM, and statistical significance was assessed by one-way ANOVA followed by Fisher's least significance difference test for posthoc comparisons. Correlations between the ADM levels and serum estradiol or serum progesterone were calculated using two-tailed Pearson correlation coefficients. Similar correlations were done for the gene expression of Adm, Calcrl, and Ramp with the steroid levels. Statistical significance was taken at the P , 0.05 level.
RESULTS
Expression of Adm and Its Receptor Components in Cycling Rats
The mRNA expression of Adm and its receptor components were estimated by real-time RT-PCR, and the results are shown in Figures 1 and 2 . Ovarian Adm and Ramp1 mRNA levels were significantly lower at estrus than at diestrus (P , 0.01 for Adm as calculated by Mann-Whitney rank sum test; P , 0.05 for Ramp1 as calculated by t-test; Fig. 1) . Calcrl, Ramp2, and Ramp3 mRNA levels remained unchanged throughout the cycle. However, the mRNA levels of Adm, Calcrl, Ramp2, and Ramp3 were positively correlated with serum estradiol levels (r ¼ 0.59, P , 0.001 for Adm; r ¼ 0.45, P , 0.01 for Calcrl; r ¼ 0.5, P , 0.01 for Ramp2; r ¼ 0.71, P , 0.001 for Ramp3; Fig.  3 ). In the oviduct, Adm and Calcrl mRNA levels were higher at estrus than at proestrus (P , 0.05 as calculated by t-test; Fig.  2 ), whereas Ramp mRNA levels were similar at all stages. The mRNA levels of Adm were positively correlated with serum estradiol levels (r ¼ 0.45, P , 0.05; Fig. 4 ), but the mRNA levels of Calcrl and Ramp1 were negatively correlated with serum estradiol levels (r ¼ À0.34, P , 0.05 for Calcrl; r ¼ À0.34, P , 0.05 for Ramp1; Fig. 4 ).
ADM Immunoreactivity, Plasma ADM, and Serum Estradiol and Progesterone Concentrations
The levels of ADM in the ovary and oviduct, the plasma levels of ADM, and the serum levels of estradiol and progesterone among the four stages of the rat estrous cycle are summarized in Table 1 . There were no significant changes in the levels of ADM in the oviduct among the four stages. However, ovarian ADM concentrations were significantly reduced at estrus (P , 0.01 for estrus vs. metestrus; P , 0.001 for estrus vs. diestrus) and peaked at diestrus (P , 0.05 for proestrus vs. diestrus). The plasma concentrations of ADM as well as the serum concentrations of estradiol and progesterone were not significantly different among the four stages of the estrous cycle. Adrenomedullin levels in the oviduct were positively correlated with serum estradiol levels (r ¼ 0.62, P , 0.001; Fig. 5 ).
Characterization of ADM in the Ovary: Gel Filtration Chromatographic Analysis, Immunohistochemical Study, and Scatchard Plot Analysis Two immunoreactive ADM peaks were seen on the gel filtration chromatograms of the ovary at estrus (Fig. 6A) and diestrus (Fig. 6B) . The ovary at estrus showed a predominant peak of authentic rat ADM (1-50) and a smaller peak of rat ADM precursor. The opposite was found to be true for the ovary at diestrus. Moderate positive immunostaining of ADM 9 . Effects of ADM on in vitro basal and FSH-stimulated estradiol secretion in rat 2-day follicles from 48-h post-eCG treatment. *P , 0.01, **P , 0.001 compared with the group without ADM and FSH. P , 0.05, P , 0.01, P , 0.001 compared with the FSH-alone groups. #P , 0.05 compared with the groups with both ADM and FSH. Data are given as mean 6 SEM (A: n ¼ 7-8 for the ADM-alone group and both ADM and FSH groups, n ¼ 4-5 for the remaining groups; B: n ¼ 4-5 for all groups) and are expressed as percentage changes from the control (i.e., no ADM, no FSH group), which is taken as 100%.
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was localized in the interstitial cells (Fig. 7A) , granulosa cells, and theca cells (Fig. 7B) , as well as an intense staining in the granulosa lutein cells of corpus luteum (Fig. 7C) . The Scatchard plot of ADM showed that the K d and B max for ADM binding were 67.2 6 2.73 pM and 15.0 6 1.22 fmol/mg protein, respectively. A representative Scatchard plot is shown in Figure 8 .
Effect of ADM on Estradiol Release In Vitro
On 1-day follicles, ADM had no effects on basal or FSHstimulated estradiol release (data not shown). In contrast, ADM at 10 À8 or 10 À7 M inhibited the FSH-stimulated release of estradiol in 2-day follicles (P , 0.05) without affecting the basal estradiol secretion (Fig. 9) . This inhibitory effect of ADM was not blocked by the 10 À7 M ADM receptor antagonist, human ADM (22-52) (Fig. 9A ), but was blocked by 10 À6 M CALCA (8-37), the human CALCA receptor antagonist (Fig.  9B) .
Effect of ADM on Progesterone Secretion In Vitro
Adrenomedullin at 10
À8 or 10 À7 M suppressed the eCGstimulated secretion of progesterone (P , 0.01 for 10 À8 M ADM; P , 0.05 for 10 À7 M ADM), but had no effect on the basal progesterone secretion (Fig. 10) . This inhibitory effect of ADM was completely blocked by 10 À6 M ADM receptor antagonist, human ADM (22-52).
DISCUSSION
Gel filtration study showed that the major peak for ADM in the ovarian extract was the active peptide at estrus and the precursor at diestrus. The peak heights of the active peptide at these two stages were similar, but the precursor peak was three times higher at diestrus than at estrus. The latter finding may account for the increase in ADM immunoactivity in the ovary at diestrus. The relative abundance of precursor at diestrus may be due to an increase in secretion of the active peptide or a decrease in processing of the precursor protein.
Specific binding sites for ADM were observed for the first time in the rat ovary (Fig. 8) . The expression of Calcrl and Ramp as demonstrated by RT-PCR lends further support. Both binding affinity and the maximum binding (number of receptors) are lower than those previously reported for the uterus [17] . CALCRL can function as a CALCA receptor or an ADM receptor. Coexpression of CALCRL with RAMP1 gives rise to a CALCA receptor, whereas with RAMP2 or RAMP3 it results in an ADM receptor [8, 29, 30] . Our results revealed that Ramp1, Ramp2, and Ramp3 are expressed in the ovary and oviduct, suggesting that both ADM and CALCA receptors are present in these organs.
We found that ADM was mainly localized in the corpora lutea, with relatively weak ADM staining in the interstitial cells, granulosa cells, and theca cells. This agrees with the previous finding of a high level of mRNA in the corpus luteum and a low level in the follicle [15] . ADM is expressed in human and rat granulosa cells [23, 31] and in human corpora lutea, and RAMP2 was found in the human corpora lutea [16] . The gene expression of Adm, Calcrl, Ramp2, and Ramp3 is more closely correlated with serum estradiol levels than with the stage of the estrous cycle, suggesting that the expression of these genes in ovary is regulated by the cyclic changes of estradiol. The changes in ADM mirror those of Adm mRNA levels, as both are lowest at estrus and may be related to the possible actions of ADM on follicular development and luteogenesis. At estrus, Adm gene expression is low in order to facilitate follicular development. In rat follicular culture, FSH decreases Adm mRNA in the granulosa cells and stimulates follicular growth [31] . This suggests that ADM may be inhibitory to follicular development. In the human ovary, the ADM mRNA level is low in the follicles and high in the corpus luteum, especially at the midluteal phase [16] . At diestrus, ADM gene expression is high, because ADM is important for the development and maintenance of the corpus luteum [16] .
In the present study, we demonstrated that ADM diminished FSH-stimulated estradiol release in rat follicles as well as eCGstimulated progesterone release in rat corpora lutea. At estrus, the decrease in ADM would enhance the FSH effect on steroidogenesis, whereas at diestrus, the increase in ADM would attenuate the effect of eCG on progesterone secretion. The finding in corpus luteum is different from the previous report of an enhancement of progesterone secretion by ADM in human granulosa cells [23] . This discrepancy may be due to FIG. 10 . Effects of ADM on in vitro basal and eCG-stimulated progesterone secretion in rat corpora lutea. *P , 0.001 compared with the group without ADM and eCG. P , 0.05, P , 0.01 compared with the groups with eCG alone. #P , 0.05, ##P , 0.01 compared with the groups with both ADM and eCG. Data are given as mean 6 SEM (n ¼ 8-9 for the control and eCG alone groups, n ¼ 3-4 for the remaining groups) and are expressed as percentage changes from the control (i.e., no ADM, no eCG group), which is taken as 100%. 206 species difference or the preparation used (granulosa cell vs. corpus luteum). The results of using an ADM receptor antagonist suggest that specific ADM receptors may mediate the effects of ADM on the corpus luteum but not on the follicles. Indeed, the success of the CALCA receptor antagonist in the follicles suggests that specific CALCA receptors may be involved. The ADM2 receptor is probably not involved, as these actions are not partially blocked by the ADM receptor antagonist. The decrease in Ramp1 gene expression accompanying the decrease in ADM and Adm gene expression at estrus would decrease CALCA receptors, and thus further reduce the action of ADM. There is no increase in Ramp2 gene expression (and ADM receptor) at diestrus to further increase the effect of an increase in ADM and Adm gene expression. The interrelationships between the gonadotropins, ADM, and the sex steroids are illustrated in Figure 11 .
Adrenomedullin and its mRNA have not previously been characterized in the oviduct. We show that immunoreactive ADM is present at relatively high levels, approximately 3-to 4-fold of the concentrations of ovary and uterus, suggesting that ADM may be a major protein present in the oviductal fluid. Oviductal ADM levels and the gene expression of Adm, Calcrl, and Ramp1 are more closely correlated with serum estradiol levels than with the stage of the estrous cycle, suggesting that the expression of these genes in oviduct is regulated by the cyclic changes of estradiol. The finding that the Adm and Calcrl mRNA levels are significantly higher at estrus than at proestrus suggests that ADM may play a role in some reproductive processes, such as sperm and ovum transport. Marinoni et al. [32] suggest that ADM in the seminal fluid may play a role in sperm motility. More importantly, the presence of sperm has been shown to increase Adm gene expression in the mouse oviduct [33] . The oviduct is lined by ciliated cells, and ADM may initially mediate ovum transport by its effects on ciliary action and later facilitate fertilization of the ovum by inhibiting the contractility of the oviduct. In support of the latter, CALCA is known to inhibit contractility in the human fallopian tube [34] and intense CALCA-binding sites present on the vascular smooth muscle of the fallopian tube [35] . Therefore, ADM may be one of the local factors in regulating the oviductal blood flow as well as the muscular tone of oviduct, playing a role in both oocyte and sperm transport [32, 36] and in fertilization. As Calcrl mRNA level is elevated, there may be increases in the responses to ADM via both ADM and CALCA receptors.
In summary, ADM and the gene expression of its receptor components are differentially regulated in the ovary and the oviduct throughout the estrous cycle. The cyclic changes in ovarian ADM release may be regulated by estradiol via the latter's effects on gonadotropin secretion. Functionally, ADM inhibits the effects of gonadotropins on both estradiol secretion by the follicles and progesterone secretion by corpora lutea.
